Abstract. The deregulation of microRNAs (miRNAs) is involved in the development and progression of various types of human malignancy. Previously, it has been suggested that miR-214 has an oncogenic role in nasopharyngeal carcinoma. However, the detailed molecular mechanisms remain to be elucidated. In the present study, reverse transcription-quantitative polymerase chain reaction and western blot analysis were conducted to determine the relative mRNA and protein levels, respectively. The MTT assay was performed to examine cell proliferation. Flow cytometry was conducted to determine cell apoptosis level. In the present study, the expression of miR-214 was found to be notably upregulated in nasopharyngeal carcinoma tissues and cell lines. Further investigation demonstrated that inhibition of miR-214 inhibited proliferation and promoted apoptosis in nasopharyngeal carcinoma cells. By contrast, overexpression of miR-214 promoted nasopharyngeal carcinoma cell proliferation and inhibited cell apoptosis. Bcl-2-associated X protein (Bax) was then identified as a novel target of miR-214. miR-214 negatively regulated the protein expression of Bax in nasopharyngeal carcinoma cells. siRNA-induced Bax inhibition attenuated the promoting effect of miR-214 downregulation on nasopharyngeal carcinoma cell apoptosis, suggesting that Bax acts as a downstream effector in miR-214-mediated nasopharyngeal carcinoma cell proliferation and apoptosis. Finally, the present study demonstrated that the expression level of Bax was downregulated in nasopharyngeal carcinoma tissues. In conclusion, the present study suggests that miR-214 may be a potential target for the treatment of nasopharyngeal carcinoma.
Introduction
Nasopharyngeal carcinoma is a relatively rare head and neck cancer worldwide, but is common in southern China and Southeast Asia without a defined etiology. At present, although radiotherapy combined with chemotherapy has enhanced the therapeutic effect of nasopharyngeal carcinoma treatments, the metastatic and relapse rate remain high (1, 2) . Therefore, novel strategies for the treatment of nasopharyngeal carcinoma are urgently required.
MicroRNAs (miRNAs) are small non-coding RNAs, which can bind to the 3'-untranslated region (3'-UTR) of target mRNA and cause RNA degradation or translation inhibition (3) . It has been demonstrated that miRNAs are important in multiple biological processes, including cell survival, proliferation, differentiation and apoptosis (4) . miRNAs have been demonstrated to promote or inhibit the development and progression of nasopharyngeal carcinoma, suggesting that miRNAs may function as tumor suppressors or oncogenes (5) .
The deregulation of miRNA-214 (miR-214) has been found in multiple types of cancer (6) (7) (8) (9) (10) (11) . miR-214 has been reported to be upregulated in ovarian cancer, gastric cancer and melanoma, but downregulated in breast cancer, cervical cancer and hepatocellular carcinoma (6) (7) (8) (9) (10) (11) . In addition, Zhang et al revealed that miR-214 is important in nasopharyngeal carcinoma and found that miR-214 was upregulated in nasopharyngeal carcinoma (12) . Silencing of miR-214 promoted apoptosis and suppressed proliferation in nasopharyngeal carcinoma cells, and suppressed tumor growth in nude mice (12) . Furthermore, Bim was identified as a direct target of miR-214 and low expression of Bim in nasopharyngeal carcinoma tissues correlated with a poor survival rate of nasopharyngeal carcinoma patients (12) . Since one miRNA can have numerous targets, other targets of miR-214 may also exist in nasopharyngeal carcinoma cells.
The present study aimed to investigate the role of miR-214 in the regulation of nasopharyngeal carcinoma cell proliferation and apoptosis, in addition to the underlying molecular mechanisms.
Green Master mix, Superscript II Reverse Transcriptase kit and Lipofectamine 2000 were purchased from Invitrogen Life Technologies (Carlsbad, CA, USA). The miRNA reverse transcription-quantitative polymerase chain reaction (RT-qPCR) detection kit was purchased from GeneCopoeia (Rockville, MD, USA). The bicinchoninic acid (BCA) Protein Assay kit and enhanced chemiluminescence (ECL) kit were purchased from Pierce Biotechnology, Inc. (Rockford, IL, USA). The Annexin V-fluorescein isothiocyanate (FITC) Apoptosis Detection kit was purchased from BD Pharmingen (San Diego, CA, USA). The PsiCHECK™2 vector was purchased from Promega Corporation (Madison, WI, USA). A Quick-Change Site-Directed Mutagenesis kit was purchased from Stratagene (La Jolla, CA, USA). Mouse anti-Bax monoclonal antibody (1:50; ab5714) and mouse anti-GAPDH monoclonal antibody (1:100; ab8245) were purchased from Abcam (Cambridge, UK).
Tissue specimen collection. The present study was approved by the Ethical Committee of Central South University (Changsha, China). In total, 16 nasopharyngeal carcinoma tissues as well as their matched normal adjacent tissues were obtained from the Department of Otorhinolaryngology Head and Neck Surgery, Xiangya Hospital of Central South University. Written informed consent from patients with nasopharyngeal carcinoma was obtained. Tissues were frozen in liquid nitrogen following surgical removal and stored at -70˚C prior to use.
Cell culture. Four human nasopharyngeal carcinoma cell lines, including CNE1, HONE1, C666-1 and CNE2, as well as the normal nasopharyngeal epithelial cell line NP69 were purchased from the Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China). Cells were cultured in DMEM with 10% FBS and 1% penicillin/streptomycin at 37˚C with 5% CO 2 .
RNA isolation and RT-qPCR. Total RNA was isolated from tissues and cells using TRIzol reagent (Invitrogen Life Technologies) according to the manufacturer's instructions. The concentration of RNA was calculated by measuring the OD260. Reverse transcription of miR-214 and its specific amplification were performed using an miRNA RT-qPCR Detection kit. The relative expression of miRNA was analyzed by the 2 -ΔΔCt method. The U6 small nuclear RNA was used for normalization. For determining the expression level of mRNA, total RNA was reverse-transcribed using a Superscript II Reverse Transcriptase kit according to the manufacturer's instructions. Subsequently, PCR was performed with SYBRH Green Master mix using a real-time PCR detection system (ABI 7500; Invitrogen Life Technologies). The following specific primers were used: Bax, forward 5'-CCCGAGAGGTCTTTTTCCGAG-3' and reverse 5'-CCAGCCCATGATGGTTCTGAT-3'; GAPDH, forward 5'-GGAGCGAGATCCCTCCAAAAT-3' and reverse 5'-GGCTGTTGTCATACTTCTCATGG-3'. The relative expression of Bax mRNA was calculated by normalization to the GAPDH mRNA level.
Western blot analysis. Tissues or cells were lysed in RIPA buffer containing 1 mM phenylmethylsulfonyl fluoride. Protein was quantified using the BCA Protein Assay kit. The protein sample was diluted, heated for denaturation and then subjected to SDS-PAGE electrophoresis. After the proteins were transferred onto a polyvinylidene difluoride (PVDF) membrane (Millipore Corporation, Billerica, MA, USA), 5% skimmed milk powder was applied for 2 h at 37˚C. Subsequently, mouse monoclonal anti-Bax or anti-GAPDH antibodies were incubated for 3 h at room temperature with the PVDF membrane. The PVDF membrane was rinsed in Tris-Buffered saline and Tween 20 three times and then incubated with a fluorescent secondary rabbit anti-mouse IgG antibody (1:10,000; ab46540; Abcam) for 2 h. The PVDF membrane was scanned using an infrared imaging system (Odyssey ® CLx Infrared Imaging System; LI-COR Biosciences, Lincoln, NE, USA) and the band intensity was detected using Odyssey analysis software, version 3.0 (LI-COR Biosciences).
Transfection. In accordance with the manufacturer's instructions, transfection was performed using Lipofectamine ® 2000 (Invitrogen Life Technologies). For miR-214 functional analysis, cells were transfected with the scrambled miRNA as a negative control, miR-214 mimics or the miR-214 inhibitor. For Bax functional analysis, cells were transfected with Bax-specific siRNA.
Bioinformatics analysis. Bioinformatics analysis was
conducted in order to analyze the putative target of miR-214. TargetScan online software (www.targetscan.org) was used for this process.
Luciferase reporter assay. A luciferase reporter assay was performed to determine whether Bax was a direct target of miR-214. In brief, Lipofectamine 2000 reagent was used to transfect CNE1 cells with miR-214 mimics or scrambled miRNA, with either a wild type or mutant type of Bax 3'UTR plasmid, respectively. Renilla and firefly luciferase activities were measured at 48 h post-transfection using the Dual-Glo™ Luciferase Reporter Assay System (Promega Corporation) according to the manufacturer's instructions. The ratio of Renilla to firefly luciferase value was determined.
Cell proliferation analysis. MTT (Invitrogen Life
Technologies) was used to perform cell proliferation analysis according to the manufacturer's instructions. Briefly, for each group, 1x10 4 cells per well were plated in a 96-well plate and incubated for 0, 12, 24 or 48 h at 37˚C and 5% CO 2 . To assess cell proliferation, 10 µl of MTT (5 mg/ml) was added to each well and then incubated for 4 h at 37˚C and 5% CO 2 . The supernatant was removed and 100 µl dimethyl sulfoxide was added to dissolve the precipitation. The absorbance was detected at 492 nm using a microplate reader (FLx800; Biotek Instruments, Inc., Winooski, VT, USA).
Apoptosis analysis. Cell apoptosis analysis was performed using an Annexin V-FITC Apoptosis Detection kit, in accordance with the manufacturer's instructions. In brief, 1x10 6 cells were resuspended in binding buffer. Following that, 2.5 µl of Annexin V and 5 µl of propidium iodide were added. Following incubation for 15 min in the dark, 400 µl of binding buffer was added. Cell apoptosis was determined by flow cytometry (FACSCalibur; Becton Dickinson, Franklin Lakes, NJ, USA).
Statistical analysis.
The results are expressed as the mean ± standard deviation of at least three independent experiments. Statistical analysis of differences was performed by one-way analysis of variance using SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference.
Results

miR-214 is upregulated in nasopharyngeal carcinoma tissues and cell lines.
The expression level of miR-214 was initially examined in nasopharyngeal carcinoma tissues and their matched normal adjacent tissues using RT-qPCR. As shown in Fig. 1A , miR-214 was significantly upregulated in nasopharyngeal carcinoma tissues, when compared with their matched normal adjacent tissues. In addition, miR-214 was also upregulated in nasopharyngeal carcinoma cell lines compared with normal nasopharyngeal epithelial NP69 cells (Fig. 1B) .
Inhibition of miR-214 suppresses proliferation and induces apoptosis in nasopharyngeal carcinoma CNE1 cells. As miR-214 was upregulated in nasopharyngeal carcinoma CNE1 cells, miR-214 mimics and an miR-214 inhibitor were used to perform functional analysis of miR-214 in CNE1 cells. As shown in Fig. 2A , the expression of miR-214 was notably decreased following transfection with the miR-214 inhibitor, however, it was increased following transfection with miR-214 mimics. Subsequently, a cell proliferation and apoptosis assay was performed to investigate the role of miR-214 in nasopharyngeal carcinoma CNE1 cells. The data demonstrated that inhibition of miR-214 suppressed proliferation and induced apoptosis in nasopharyngeal carcinoma CNE1 cells (Fig. 2B and C) . By contrast, overexpression of miR-214 promoted nasopharyngeal carcinoma cell proliferation and inhibited cell apoptosis (Fig. 2B and C) .
Bax is a target of miR-214 in nasopharyngeal carcinoma CNE1 cells. Based on bioinformatical analysis, Bax was found to be a putative target of miR-214 and the putative seed sequences for miR-214 at the 3'UTR of Bax are indicated (Fig. 3A) . To further clarify whether Bax was a target of miR-214, plasmids containing the wild and mutant types of the 3'-UTR of Bax were generated (Fig. 3A) . A luciferase reporter assay was further performed in nasopharyngeal carcinoma CNE1 cells. The data demonstrated that the luciferase activity was only reduced in nasopharyngeal carcinoma CNE1 cells co-transfected with miR-214 mimics and the wild type 3'-UTR of Bax, but was unaltered in CNE1 cells co-transfected with miR-214 mimics and the mutant 3'-UTR of Bax, indicating that Bax is a target of miR-214 in nasopharyngeal carcinoma CNE1 cells (Fig. 3B) .
Following that, the present study investigated whether miR-214 could negatively regulate the expression of Bax in nasopharyngeal carcinoma CNE1 cells. CNE1 cells were transfected with miR-214 mimics or an miR-214 inhibitor, and the protein level of Bax was examined using western blotting. As shown in Fig. 3C , the protein level of Bax was increased following inhibition of miR-214, while it was decreased following upregulation of miR-214, indicating that the protein expression of Bax was negatively regulated by miR-214 in nasopharyngeal carcinoma CNE1 cells.
Inhibition of Bax reverses the effect of miR-214 downregulation on cell proliferation and apoptosis in nasopharyngeal carcinoma CNE1 cells.
The present study further determined whether miR-214 had an oncogenic role in nasopharyngeal Fig. 4A , inhibition of Bax notably reversed the inhibitory effect of miR-214 downregulation on CNE1 cell proliferation. In addition, siRNA-mediated Bax inhibition also reversed the promoting effect of miR-214 downregulation on CNE1 cell apoptosis (Fig. 4B) . Based on these data, it was suggested that Bax is a downstream effector in miR-214-mediated cell proliferation and apoptosis in nasopharyngeal carcinoma CNE1 cells.
Bax is downregulated in nasopharyngeal carcinoma tissues.
The mRNA expression level of Bax was determined. As shown in Fig. 5A , the mRNA level of Bax was decreased in nasopharyngeal carcinoma tissues, compared with their matched normal adjacent tissues. In addition, the mRNA level of Bax was also reduced in nasopharyngeal carcinoma cell lines, when compared with normal nasopharyngeal epithelial cells (Fig. 5B) .
Discussion
It is well established that miRNAs are involved in the progression of multiple types of cancer via negatively regulating the protein expression of various target genes (13, 14) . However, few studies have investigated the deregulation of miRNAs in nasopharyngeal carcinoma. The present study found that miR-214 was upregulated, while Bax was downregulated in nasopharyngeal carcinoma tissues and cell lines. Further investigation suggested that miR-214 promoted proliferation and inhibited apoptosis in nasopharyngeal carcinoma cells via directly inhibiting the protein expression of Bax, a novel target of miR-214 identified in nasopharyngeal carcinoma CNE1 cells.
Aberrant expression of miRNAs has been found to be involved in the development and progression of human nasopharyngeal carcinoma (15,16) . The present study reported that (12) . In addition, Deng et al reported that miR-214 induced tumorigenesis in nasopharyngeal carcinoma by directly targeting lactotransferrin (17) . The present study also revealed that miR-214 had an oncogenic role in nasopharyngeal carcinoma cells. However, to the best of our knowledge, no other target of miR-214 has previously been identified in nasopharyngeal carcinoma cells.
In the present study, it was found that Bax acted as a downstream effector in miR-214-mediated cell proliferation and apoptosis in nasopharyngeal carcinoma CNE1 cells. Bax belongs to the B-cell lymphoma 2 (Bcl-2) protein family, the members of which form hetero or homodimers and act as regulators of cell apoptosis. Bax forms a heterodimer with Bcl-2 and promotes cell apoptosis (18, 19) . In addition, Bax can increase the opening of the mitochondrial voltage-dependent anion channel and cause a loss in membrane potential, leading to the release of cytochrome c, which is important in cell apoptosis (20) . Furthermore the expression of Bax has been demonstrated to be regulated by the tumor suppressor p53 (21) . In addition, downregulation of Bax has been demonstrated to be involved in the progression of multiple types of cancer by promoting cancer cell survival (22, 23) . Bax was also found to be involved in nasopharyngeal carcinoma (24) . Li et al demonstrated that overexpression of Bax could induce the apoptosis of nasopharyngeal carcinoma HNE1 cells and prevent growth of implanted tumors (24) . Zhang et al reported that Bax inhibitor 1 protein (BI-1), a novel inhibitor of Bax, could induce apoptosis-resistance in nasopharyngeal carcinoma cells and inhibition of BI-1 decreased the ratio of Bcl-X (L)/Bcl-2 with Bax protein and increased the activity of caspase-3, thus leading to a significant increase in nasopharyngeal carcinoma cell apoptosis (23) . In the present study, an inverse correlation between miR-214 and Bax expression was found in the nasopharyngeal carcinoma tissues and cell lines. The data also demonstrated that Bax was negatively regulated by miR-214 at the post-transcriptional level, via a specific target site within the 3'-UTR. Furthermore, miR-214 was demonstrated to promote cell proliferation and inhibit cell apoptosis through directly targeting Bax in nasopharyngeal carcinoma cells.
The association between miR-214 and Bax has been reported in hippocampal neurons (25, 26) . Yan et al found that isoflurane increased vulnerability to intracellular or extracellular amyloid β, which was mediated by the downregulation of miR-214 that leads to an upregulation of Bax (25) . Zhang et al also demonstrated that halothane induced neuronal cell death vulnerability by inhibiting miR-214 and upregulating Bax (26) . However, to the best of our knowledge, their association in cancer has never been reported. Bax has been demonstrated to be a target of other miRNAs. For instance, miR-128 was found to target Bax and induce apoptosis in human embryonic kidney cells (27) . Li et al demonstrated that miR-886-5p could inhibit cervical carcinoma cell apoptosis via targeting Bax (28) . In addition, Ji et al found that inhibition of miR-128 sensitized breast cancer cells to chemodrugs by targeting Bax (29) . These data suggest that deregulation of Bax by miRNAs is a key mechanism underlying cancer progression.
In conclusion, the present study suggests that the oncogenic role of miR-214 in the regulation of nasopharyngeal carcinoma cell proliferation and apoptosis involves its inhibitory effect on the protein expression of Bax. Thus, miR-214 may be a potential therapeutic target for nasopharyngeal carcinoma.
